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S E K A R K AT H I R E S A N
B lood triglyceride levels are measured in millions of people each day as part of routine clinical practice 1 . Triglycerides, which are the body's main form of fat, act as a proxy for blood levels of triglyceriderich lipoproteins (TRLs) -the form in which these molecules, along with cholesterol, are transported in the circulation. Higher levels of triglycerides confer a greater risk of heart attack, but it has been unclear whether lowering blood levels of TRLs would reduce the risk. Writing in the New England Journal of Medicine, Dewey et al. 2 and Graham et al. 3 report that genetic or pharmacological inactivation of the protein angiopoietin-like 3 (ANGPTL3) in humans and mice can lower not only blood levels of TRLs but also the risk of heart attack. These results set the stage for randomized controlled trials of ANGPTL3 inhibition.
TRLs are secreted by the liver into the bloodstream, where the triglycerides they carry are broken down by the enzyme lipoprotein lipase in a process called lipolysis, releasing fatty acids that are stored in fat or used by muscle for fuel. Further metabolism of TRLs leads to the production of low-density lipoproteins (LDLs), which carry predominantly cholesterol. Cholesterol from TRLs and LDLs can be deposited in blood vessels, leading to buildups called plaques (Fig. 1) . This phenomenon, known as atherosclerosis, can restrict blood flow and increase the risk of a heart attack.
Epidemiological studies have found an association between blood lipoprotein concentrations and the risk of heart attack 4 , and human genetic studies and randomized trials suggest that LDL is one causal factor 5 . Some evidence, particularly analyses of proteins that clear TRLs from the blood, suggests that TRLs also contribute to the risk of heart attack 4 . Which of the several human proteins involved in TRL clearance could be targeted by drugs to improve established treatments for preventing heart attack? Over the past decade, identifying rare genetic mutations that protect people against disease has emerged as a power ful strategy for making such decisions 6 . As an example, consider the gene PCSK9, which encodes an enzyme involved in cholesterol homeostasis 7 . About 1 in 40 African Americans carries a mutation that inactivates one of their two copies of PCSK9. Individuals who carry such mutations have lower-than-average levels of LDL cholesterol 8 in their blood and are protected against heart attack. Several healthy people who lack both copies of PCSK9 have also been identified, increasing the likelihood that inhibition of PCSK9 is safe 9 . These observations inspired the development of medicines that mimic human PCSK9 mutations, and such PCSK9 inhibitors have been shown in clinical trials to lower LDL cholesterol levels and decrease the risk of heart attack 10 . Dewey et al. took a similar tack, but focused on the ANGPTL3 gene. The ANGPTL3 protein is synthesized by the liver and secreted into the bloodstream 11 . It inhibits lipoprotein lipase 12 , thus delaying clearance of TRLs from the blood and increasing TRL blood concentrations ( Fig. 1 ). These observations from mice suggested that complete lack of ANGPTL3 should lead to lower levels of TRLs and LDLs. In support of this idea, a family has been identified 13 whose members have exceptionally low levels of TRLs and LDLs in their blood as a result of the complete absence of ANGPTL3.
Dewey and colleagues sequenced ANGPTL3 in more than 58,000 people, and found that mutations that led to ANGPTL3 deficiency were associated not only with lowered blood lipoprotein levels, but also with a 41% decrease in the risk of atherosclerotic cardiovascular HEART DISEASE
Putative medicines that mimic mutations
Molecules that block the activity or production of the protein ANGPTL3 have now been found to lower blood levels of lipoproteins and cholesterol in mice and healthy humans, mimicking the protective effects of genetic mutations in ANGPTL3. demonstrate that inhibiting ANGPTL3 activity in mice and humans reduces levels of TRLs and LDLs.
K AT R I N J . M E I S S N E R & T I M O T H Y J . B R A L O W E R
O n page 573, Gutjahr et al. 1 report a fundamental breakthrough in our understanding of a global-warming event that occurred 56 million years ago and was caused by an increase in concentrations of atmospheric greenhouse gases. The episode, known as the Palaeocene/Eocene Thermal Maximum (PETM), was one of the most rapid warming events in Earth's history. The authors find that volcanism was the main source of carbon dioxide, and that the rate of emission of this gas was much lower than it is today. Understanding the processes that operated during warming events such as the PETM is crucial to help predict future climate conditions -we cannot rely solely on climate models, because they potentially misrepresent key processes that occur in warm climates 2 . But CO 2 concentrations have not been as high as modern values for at least the past 3 million years 3 , so we need to go further back in time to find potential analogues of current and future climate change.
Estimates of the magnitude of warming during the PETM are relatively well constrained 4 (4-5 °C), but the amount and source of carbon that fuelled the event has been hotly debated. Possible culprits 5 include compounds known as methane hydrates, found in deep-sea sediments; volcanism that coincided with the initial opening of the Norwegian-Greenland Sea; and thawing of permafrost. Quantifying the magnitude, origin and emission rates of carbon is important. A reliable estimate of the amount of carbon released would constrain estimates of Earth's climate sensitivity 6 (the change in the planet's equilibrium temperature in response to a doubling of atmospheric CO 2 ) and therefore refine projections of future temperature rise. Determining the sources of carbon is particularly crucial, because destabilization of 'fastrelease' reservoirs of organic carbon (such as methane hydrates or permafrost) could cause more damage to terrestrial and marine organisms than 'slow-release' mechanisms such as volcanism (Fig. 1) .
Gutjahr et al. used boron isotope data measured in a sediment core from the northeast Atlantic Ocean to constrain changes in atmospheric CO 2 during the PETM. Boron isotope ratios are a proxy for sea-surface pH, which depends on the amount of CO 2 dissolved in the ocean, and therefore on atmospheric CO 2 concentration. This is not the first time that the boron proxy has been used to study the PETM 7 , but the authors report a new data-assimilation technique that yields the most accurate assessment yet of the total volume and sources of carbon.
Using an Earth-system model, the authors
PALAEOCLIMATE

Volcanism caused ancient global warming
A study confirms that volcanism set off one of Earth's fastest global-warming events. But the release of greenhouse gases was slow enough for negative feedbacks to mitigate impacts such as ocean acidification. See Letter p.573 disease, including heart attack. The researchers' finding is in agreement with a separate report 14 published this year. In addition, the authors of that earlier report used a computed tomographic technique to visualize blood vessels around the hearts of three people who had complete absence of ANGPTL3, and detected no atherosclerosis. Collectively, these data provide confidence that pharmacological inhibition of ANGPTL3 might, by decreasing atherosclerotic plaques, reduce the risk of heart attack.
Armed with these facts, Dewey et al. and Graham et al. took different pharmacological approaches to inactivate ANGPTL3. Dewey and colleagues used an antibody to inhibit the protein's activity, whereas Graham and co-workers made use of short nucleotide sequences called antisense oligonucleotides, which they designed to bind to and inhibit translation of ANGPTL3 messenger RNA.
The groups first turned to various mouse models engineered to be at increased risk of atherosclerotic plaques. Inactivation of ANGPTL3 by either method led to smaller areas of atherosclerosis than did a control treatment. In addition, Graham et al. observed other benefits, including reduced triglyceride levels in the liver (indicative of triglycerides being more efficiently processed) and improvements in the response to insulin.
Next, Dewey et al. treated healthy humans (who had no ANGPTL3 deficiency) with the antibody. The treatment resulted in a dosedependent reduction in triglyceride and LDL cholesterol levels. Graham and colleagues found a similar effect when treating healthy volunteers with their antisense oligonucleotide. No serious adverse events were reported with either treatment.
These two reports add to the growing evidence that, beyond levels of LDL cholesterol, enhancing clearance of TRLs is a key route to combating heart attack. There are seven genes in which rare mutations are known to protect against heart attack, and in four of these, the protective mutations seem to work by improving clearance of TRLs 15 . Therefore, strategies that enhance TRL breakdown, including by inhibiting ANGPTL3, are likely to be a fruitful therapeutic approach.
However, several barriers remain before these ANGPTL3 inhibitors can be developed for clinical use. First, large randomized controlled trials are still required to prove that these therapeutics will reduce the risk of heart attack without significant toxicity. Second, it remains uncertain how much clinical benefit ANGPTL3 inhibition will provide, when added to current standard practice for people at risk. Finally, the expense of antibodies targeting PCSK9 has hampered their uptake (they are estimated 16 to cost about US$14,000 a year); it remains to be seen how cost will affect inhibitors of ANGTPL3. But if these hurdles can be overcome, TRLs could make the transition from being used as a test for heart-attack risk to being a target for treatment. ■
